Chamakh and Amri have reported the reaction of BaylisHillman acetates and β-diketones in the presence of K 2 CO 3 in ethanol and they obtained alkylidene cyclohexenone derivatives (Scheme 1).
The intermediate 3a would undergo the successive deacetylation and aldol type condensation in ethanol in the presence of K 2 CO 3 , and would give the methylene cyclohexenone compound 5a as shown in Scheme 2.
However, during the synthesis of 3a we obtained dihydropyran derivative 4a as the minor (18%, vide infra). Dihydropyran systems are found in many natural products such as FR 182877 5a and a number of iridoid alkaloids 5b and can be used as the important synthetic intermediates. 6 However, the synthesis required somewhat complex procedures and is limited to rather simple dihydropyran skeletons. 6, 7 In these respects we intended to examine the improved synthesis of 4a from 1a or from 3a, and to report herein the results.
As a first trial we examined the reaction of the BaylisHillman acetate 1a and 2,4-pentanedione (2a) in the presence of DABCO (1.3 equiv.) in aqueous THF at room temperature. The reaction gave the desired S N 2 product 3a in 44% isolated yield and another compound 4a in 18% isolated yield. The structure of 4a was found to be as 3,5-diacetyl-6-methyl-4-phenyl substituted dihydropyran derivative. The yield of 4a could be improved by elevating the reaction temperature (40-50 o C) to 42%. The Baylis-Hillman acetates 1b and 1c gave the similar results (entries 2 and 3 in Table 1 ). The reaction of 1a and 2a under the influence of K 2 CO 3 in ethanol showed the formation of 4-benzylidene-2-cyclohexenone derivative as reported by Amri. 1 For the Baylis-Hillman acetates 1d-f, which was derived from methyl acrylate, ethyl acrylate, and acrylonitrile we could not obtain the dihydropyrans 4d-f directly by using DABCO. Instead, the S N 2 type products 3d-f were formed as the major (80-89% isolated yields, see Table 1 and Scheme 3) from the Baylis-Hillman acetates 1d-f and 2a or ethyl acetoacetate (2b). Then, we examined the following Michael type cyclization of 3d-f under the influence of K 2 CO 3 in alcohol solvent and obtained the desired dihydropyrans 4d-f. As shown in Table 1 , we used catalytic amounts of K 2 CO 3 for the synthesis of 4d and 4f in order to minimize the unwanted deacetylation process. The deacetylation process is not a severe problem for the cyclization of 3e and we used 1.1 equivalents of K 2 CO 3 for the synthesis of 4e.
The mechanism for the formation of 4 from 3 can be regarded as cyclization of the enol-form of 3 via the 6-endotrig mode as depicted in Scheme 2. The structure of 4 was confirmed from their spectroscopic data, Figure 1 . The relative stereochemistry of the substituents of 4 at the 3-and 4-position was thought to be as anti relationship. 8 The proton at the 4-position appeared as a broad singlet in all cases. Thus, we cannot say exactly about the relative stereochemistry between the substituents of 3-and 4-position, however, we tentatively propose the relative stereochemistry as anti relationships. 8 In summary, we have synthesized some synthetically useful 3,4,5,6-tetrasubstituted 3,4-dihydro-2H-pyrans from Baylis-Hillman acetates in moderate yields. Further studies on the conformational characteristics of the dihydropyrans and the selective synthesis of the exo-methylene cyclohexenone derivatives are currently undergoing and will be reported in due course.
Experimental Section
Typical procedure for the synthesis of 4a: A solution of 1a (436 mg, 2 mmol) and DABCO (291 mg, 2.6 mmol) in aqueous THF (THF/H 2 O = 3 : 1, 10 mL) was stirred for 10 min. at room temperature. Complete salt formation was observed. To the reaction mixture 2,4-pentanedione (200 mg, 2 mmol) was added and heated to 40-50 o C for 2 days. After usual aqueous workup and column chromatographic purification process (hexane/ether = 5 : 1) analytically pure 4a was isolated in 42% yield, 217 mg.
Typical procedure for the synthesis of 4d: A solution of 1d (468 mg, 2 mmol) and DABCO (448 mg, 4 mmol) in aqueous THF (THF/H2O = 3 : 1, 10 mL) was stirred for 10 min. at room temperature. Complete salt formation was observed. To the reaction mixture 2,4-pentanedione (200 mg, 2 mmol) was added and heated to 40-50 o C for 24 h. After usual aqueous workup and column chromatographic purification process (hexane/ether = 5 : 1) we could obtain the corresponding SN2 type product 3d in 83% yield, 455 mg. To a stirred solution of 3d (274 mg, 1 mmol) in methanol (5 mL) was added K2CO3 (14 mg, 0.1 mmol) and heated to 40-50 o C for 3 h. After usual aqueous workup and column chromatographic purification process (hexane/ether = 5 : 1) analytically pure 4d was isolated in 30% yield, 83 mg. The spectroscopic data of prepared compounds (4a-c, 3d-f, and 4d-f) are as follows. 
